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RESEARCH MEMORANDUM

ROCKET-MODEL INVESTIGATION OF HINGE MOMENTS ON A
TRATLING-EDGE CONTROL ON A 52.5° SWEPT WING
BETWEEN MACH NUMBERS OF 0.TO AND 1.80

By €. Willlem Martz
SUMMARY

A free-flight investlgatlon to determine the hinge-moment character-
istics of a tralllng-edge control on a swept and tapered wing has been
conducted through the use of a rocket-powered model. The model conslsted
of a polnted cylindricel body equlpped with a crucliform arrangement
of 52.5° swept wings with an aspect ratio of 3 and a taper ratlo of 0.2.
The wing panels in one plane Pfestured comnstant-chord, inboard, tralling-
edge controls hinged at 4O percemt control chord, one control being mod-
ified by a single row of perforations near the treiling edge. Test Mach
mmbers ranged from 0.7 to 1.8.

Control hinge moments were esmall throughout the speed range for all
combinations of angle of ettack and control deflection tested.

INTRODUCTION

The falrly recent ebllity of plloted alrcraft to operate near and
beyond the speed of sound hes resulted in a greater need for the aero-
dynamlc balence of control surfaces not only to decrease the power
requirements of control booster systems but elso to ellow the pllot some
control in the event of booster system fallure. Although several means
of lncreasling control aerodynamlic balance are availleble, posslibly the
most obvious 1s to change the normally forward locatlion of the conbtrol
hinge line to a locatlion nearer the control aerodynemic center. This
method has been used successfully in previous investigetions (see, for
example, refs. 1 to 5) and was used also in the present test. Since
control-aserodynamic-center location generelly varies from sbout 35 percent
control mean eserodynamic chord at subsonlc speeds to &bout 50 percent
control meen serodynemlic chord at supersonlc speeds, a compromised value
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of 40 percent control mean serodynsmic chord wes chosen as the hinge-line
location in the present investligation. This investigation utilized a
rocket-powered model with a 52.5° swept and tapered wing embodying partial-
span, constant-chord, trailing-edge controls with 67 percemt overhang
belance. A single row of holes was drilled near the trailling edge of

one of the two controls. It was reasoned that this would provide addi-
tional aserodynamic balance and by simultaneocusly testing two control con-
figurations would allow more effliclent use of the research vehicle,

Control hinge moments were measured at various combinations of e
of atteck (ranging from 4° to +10° at subsonlc speeds and +0.3° to 3
o]
at supersonlc speeds) and control deflection (up to 15% ) et~ several Mach
nunbers between 0.7 and 1.8 for both controls. Reynolds mmber based on
wing meen serodynamic chord varied from 3 million to 13 million.

Results are presented herein and compared with linearized theory,
where avallsble.

SIMBOLS
c wing chord, ft
cp control chord, ft }
(3 wing mean aerodynamic chord, ft

total wing area In one plere, sq ft

M' aresa moment of control surface rearward of and about hinge
line, f'b3

& control-surface deflectlion at Inboard end measured parallel to
model center line (positive when tralling edge 1s down), deg

a angle of attack at model center of gravity, deg

hay

<] angle of sidesllp at model center of gravity, ay =2 deg

[ model angular accelerstion in pitch, radiens /se02

M Mach number

R Reynolds mumber based on ©C

i
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free-stream dynamic pressure, 1b/sq ft

model normal saccelerstion at center of gravity, g units
model transverse acceleratlon at center of gravity, g units
acceleration of grevity, 32.2 :E"b/ sec?

control hinge moment, ft-1b

model moment of inertis in pitch, slug-ft°

pltching moment ebout model center of gravity, ft-lb

control hinge-moment coefflclent, 2M_H‘-
a

(Mogel weignt)(en)

model normal-force coefficlent, &

model pitching-moment coefficlent, 5’:

Increment

Incremental chenge in Cj divided by Ilncremental change in
a &t constent &, per deg

incremental chenge in Cp divided by incremental change 1n
& at constant a, per deg

Incremental change in Cy divided by Ilncremental change in
a at consteant B8y, per deg

Incrementsl chenge in Cy divided by Incremental change in

8, &t constent a, per deg

incrementel change in C, d§ivided by incremental change in
o &t constant By, per deg

incremental change in &, divided by incremental change in
o at constant Sa,' per deg

SO
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Subscripts: - - : - -
P control with perforations near tralllng edge

av average of both controls

o] out of trim

MODEL AND TESTS

Model

The hinge-moment model used in this investigation consisted of a
cylindrical body, with ogival nose and tall sections, equipped with a
cruciform arrangement of swept tepered wings. A drawlng of the model,
showing oversll dimensions, is presented in figure 1l(a) end photographs
of the model are shown 1ln figure 2.

The solid megnesium-alloy wings had an NACA 65A006 airfoil section
parallel to the free stream, a teper ratio of 0.2, an aspect ratio of 3,
end a 52.5° angle of sweep at the quarter chord. The wing panels in the
pltch plane enbodied constant-chord (15 percent exposed wing root)
tralling-edge controla which extended over the inboard 60 percent of the
exposed wing span. The controls were hinged at 4O percent control chord
and attached tov the wing through two roller bearings. The controls were
of modified double-wedge alrfoll section and of solld-steel comstruction.
The deflection angle at which the controls unported was greater than any
control deflectlons experlenced in flight. The control on the left-wling
was partielly perforated with & single row of 1/8-inch holes along the
80-percent-control-chord line. Detalls of the wing and control are shown
in figure 1(b). Physical constants of model are presented in tsble I.

Flight Test

The flight test was conducted at the Langley Pllotless Alrcraft
Research Statlion at Wallops Islend, Va. The model was boosted to a Mach
nurber of 1.8 and during the coasting periocd which followed data were
telemetered to a ground receiving station and recorded.

Flight conditions resulted in the values of Re€yiholds nunmber and

dynsmic pressure presented as a function of Mach nmumber in figure 3.
All dats were cbtained in decelerated flight (0 to -5g).

e



NACA RM I5TFOL TR, 5
TNSTRUMENTATTON

Inductance-type instruments were used to measure time histories of
model normel end trensverse acceleration, static and total pressure,
deflectlon angle end hinge moments of each control, and model engle of
ettack. On the solld control, both hlgh- and low-range lnstruments were
used to measure hinge moments. The perforated conbtrol used only the high-
range Instrument. Response of the measuring and recording Instrumentation
was such that no correctlon to the recorded datae was requlred gt the fre-
quencles encountered in the tests.’

A Rawin set AN/(MD-lA recorded atmospheric demta at all flight
altlitudes. Flight-path data were obtalned from tracking radar, and a
CW Doppler velocimeter was used to determine Initlal flight velocltles.
A visual flight record was cbtalned by photogrephy.

TECENIQUE

The technique employed In this investlgetlon consisted of mechan-
ically pulsing the controls as elevetors so that thelr deflection varled
sinusoldally with time. The pulsing frequency was varled from 5 cycles

per second et a Mach mmber of 1.76 to l% cycles per second at a Mach

nunber of 0.7 1n an sttempt to obtein a constant 900 phase difference
between the model pitching response and the control Input. This phase
dlfference allowed a more accurate separation of the effects of o

and 8 on the control hinge moment and model normal-force and pltching-
moment results. The control pulsing amplitude was 5° with a variation

(o}
of sbout E—E due to load deflection of the comtrol linkage.

In addition to pltehing oscillatlons, the model response included
wunwented. rolling and sldeslip osclllations. This technlque resulted in
a continuous messurement of hinge moments for each control at varylng
conblnations of control deflectlon, angle of slidesllp, and angle of
attack. These dste are presented in teble IT end sample sectlons of the
telemeter record are shown in figure k.

ACCURACY

The followlng informatlon 1ls presented to Indlcate posslble error
in baslc measurements. These values represent maximm error (12 percent
full-scale-instrument ranges) in evaluating isolated data. In computaetions

C oMy,
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involving differences (such as slope evaluations), possible errors in
the component quantities can be considered 4o be about one-half as large
a8 those Indicated except as noted otherwise.

Quantity Exrror

Control deflection, deg =+ o+ o « ¢« o ¢ s o o e v e +0.20
Model angle of attack, deg

MaxXiium €ITOr™ « s o s o o o« s « « ¢« ¢ o o o o o o | £{0.60 £ 0.50)

Difference €rror « s s s s o« o o o o o« o o « . +0.30
Model normel acceleration, g unlts . « « . « .« .. £1.0
High-range hinge moment, solid control, £t=1b . . . +0.116
Low-renge hinge moment, solid control, ft-=1b . « . . +0.0k0
Hinge moment, perforated conmtrol, £H5=1b .+ o« o o o & +0.116
Model trensverse acceleration, g unite « « « « « o & +0.40
Normal acceleration at nose of model, g units . . . +0.48

Error in Mech number is estimated to be less than #0.02. Errors In

dynenic pressure are estimated to be less than 5 percent.

Assuming probeble errors of-il percent of full-scale-instrument-
range for the hinge-moment, angle-of-attack, and control-deflection
datse resulted in the following root-mean-square errors ln hinge-moment

results: -
Root-mean-squaréd errors in -
Hach
mmber &p a0y A0y, Al
) & BBy .y 8
0. 30,0011 10,0006 10,0055 10,
gf +.0008 +.0011 +.0026 t.%g
.91 +.0006 +.0008 +.00LT +.002h
.98 +.0006 4.0006 +.0086 +.0016
1.02 1,0005 4,0005 +.00L% +.0013
1l.12 1.,0006 £.000% t.gﬁ +.0016
1.2 +.0006 +.0009 1'0017 :_.ooeg
1. +.008 £, %o ook9
1.?8 +.0080 t.% +.0021 +.0Lk8
1.% 1.0016 +,03826 +.,0007 +.02%9
1.6L +,0011 +.0170 +.0012 +.0113
1.2 +.0008 +.0028 +.000T 1,0002
L.TT +,000% +.0013% 4 ,000% %.0013
et rrwewrentih

|



NACA RM I5TFOL o T
CORRECTTIONS

Hinge-Moment Data

Hinge-moment meassurements were corrected for zero load frictlon and
inertias effects caused by the pulsing motion. These corrections were
gbout 1/2 percent and 3/l percent of the full-scale ranges of the hinge-
moment instruments for the perforated amnd solld control, respectively.

No attempt was made to determine the extent that flight alrloeds increased
the bearing friction of the control and, hence, affected the measured
control: hinge moments.

Measured values of control deflectlion were adjusted to remove load
deflection of the control system out to the lrboard end of the control
surfaces. However, no measurements or calculations were cdémpleted to
determine control eerocelestic effects.

As previously mentioned, the model response included unwanted rolling
and sildeslip osclllatlions. Although the effects of rolling on the hinge
moments are belleved negligible, the sideslip was estimated to heve an
effect at subsonle speeds. By treating the sldesllp as = change ln sweep
and using the expressions of reference 6, the followlng effects were
indicated at subsonic speeds. Hlinge moments on the s0lld control are
increased sbout 1.8 percent per degree of positive sildeslip and decreased
ebout 2.0 percent per degree of negatlve sldeslip. Hinge moments on the
perforated control are increased ebout 1.8 percent per degree of negative
sldeslip and decreased ebout 2.0 percent per degree of positive sideslip.
At supersonic speeds, the engles of sldeslip experienced in the present
test usually were less than +1°. Again, treeting sideslip as a change
In sweep, linearized-theory expressions were obtalned from references T
end 8 which indicated the effects of sideslip on values of ACL/AB to be

negligible. In view of the small megnitude of sidesllp, 1t 1s belleved
that the same result would apply to the effects of sideslip on hinge
moments due to angle of attack and out of trim. Thus, aelthough the sub-
sonlc hinge moments were adjusted to account for sldeslip effects, no
correctlions were gpplled to the supersonic-hinge-moment date.

Normal-Force and Pltching-Moment Data

The effects of sldeslip on model normsl force and pltching moment
were investligated and found to be neglligible since the loss on one wing
or control surface would be compensated by the galn of the apposite wing
panel or control surface.

No eeroelastlc correctlons were epplied to the measured deta. It 1s
belleved that the rolling of the model had no effect on measured normel

force or pltching moments. m
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ANATYSIS OF DATA

Hinge Moments

Although scme nonlinearitles were evident in the hinge-moment data,
the exact form of these nonlinearitles was not apparent. Therefore, the
followlng linear anslysis was used. The hinge-moment—date were plotted
es functions of o and & as shown in figure 5. In figure 5(a), the
curve connecting the deta points represents the measured hinge-moment
data. The straight-lline curves connecting polnts of equal angle of attack
on the measured data curve were constructed by assuming Cp to have a

linear veriation with 5 at individual angles of attack; thus, some indi-
cation of-the separate effects of & on hinge moments was obtained.
Similarly, 1n figure 5('b), stralght-line curves connect:!.ng polnts of
equal & were constructed by assuming Cp +to have a linear verlation
with <« at lndividual control-surface d.eflections. This geve en Indlca-~
tion of the effects of o on hinge moment:

Normel Force

Total normal force on -the model was measured by means of a normal
accelerometer. This total force was composed of forces due to angle of
attack, control deflection, and out of trim. As in the analysis of the
hinge-moment data, the model normal-force data were assumed to vary
linearly with angle of attack and control deflection. In eddition to
determining the normal-force results by the same method used in reducing
the hinge-moment data, a least-squares method was used in which the data
were fitted to the following equation:

_ooy Ay
Cy = & c:z.+A§aV Bay + (GN)O

Pltching Moments

The pitching moments were calculated from the pitch acceleration of
the model as determined from the readings of two normel accelerometers
at separete locatlions along the model longltudinal axis. These pltching
moments were analyzed by the same two methods described for the normel-
force results. The following equation was used in the least-squares
approach,

Iy  ACp  ACy
ST M oy o * (s

T
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Note that a pitch-deamping term wes not included in this equatlon. Since
the lag of o behind B8 wes gbout one-fourth of a cycle at most Mach
numbers, pltch demping wes 1n phese with and beceme a part of the

term Zﬁ-—m 8qy- This prevented accurate values of control pitching moments
av
from belng cobtalned.

RESULTS AND DISCUSSION

Teble II presents time histories of the reduced date obtalned at
vaerious Mach nmumbers in this investigation. The measured responses of
control hinge moment (both controls), model normal force, and model
pltching moment are tebulated in coefficlent form elong wilth the varlebles
angle of attack, control deflection, and angle of sideslip. These values
ere Intended to supplement the plotted data.

Hinge Moments

A visual inspection of the telemeter record (reproduced in part
in fig. 4) indiceated thet certein ilrregularities in the hinge-moment
traces were present at several Mach numbers. These irregulerities almost
alweys occurred at or near pesk control deflections ésee y for exemple,
fig. 5) snd were inconsistent in form and direction (i.e., at some Mach
mmbers the flrst effect was an increase in hinge moments, whereas at
other Mach numbers the effect first resulted in decreased hinge moments).
Very slight irregularities were first noticed at ebout M = 1.5 Tor one
control only and at negetive deflections only. As Mach nunmber decreased
with increasing time, the irregularitles became more pronocunced until
at ebout M = 1.2 +the effect was cbtained near both positive and negatlve
deflectlion peeks and for both controls. Although no explenstion of these
irregularities was obtaelned end 1t is not definitely known whether they
are aerodynamlc or otherwise, it 1s believed that the explenation probably
18 not aerodynemic. Therefore, these data were not consldered when the
aerodynamic hinge maments were evaluated and values of AChH/Ax end

ACyp /A  were obtained at times when these irregulerities were not evident.

The incremental slopes AC,/AB end ACh /A, are presented as a
function of Mach number in figures 6 and T, respectively. Because of the
assumption of linearity, these values represent average slopes over the
measured ranges of o and 8 vwhich are indiceted In the figures. The
reader 1s cautioned agalnst casually applying these results to dlfferent
reanges of o and & since nonlinearltles mey be present which could
result In substentlial errors.

—
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Values of ACL/AB (fig. 6) are negative at all Mach mmbers tested.
Negative values indicate the controls are statlcally steble with control
deflection (the center of pressure of the control deflection loading is
behind the hinge lines). The variations of ALy |AB  with Mech number are
not unusual except for the trend to more negative values at the higher
Mach numbers. Thls trend 1s not predicted by the theoretical results
presented in figure 6 which were calculated for the solid control with
the ald of linearized-theory expressions obtained from references 7 and 8.
These calculations ignored the presence of the fuselage. In this compar-
ison, the differences between theory and experiment are magnified by the
nearness -of the center of pressure to the hinge line. It has been sug-
gested that the experimental variation in ACKL/AB at the higher Mach
numbers is primerily the result of changes In deflectlion range rather
than 2 %ach nunber effect. (Note the indicated deflection ranges in
fig. 6.

The ACh/65 data at Mach numbers up to 1.1 which were obtained

at o = -4 indlcate no appreclable effect of the control perforations.
However, some of the data for a = 0 and Mach nunbers above 1.5 show
that under these conditions the perforations resulted in e more closely
balanced control with respect to deflection loads.

Values of AChL/Ax presented in figure 7 are less than 10.0l except

at M =1.3 for the s0lld control. Date between the Mach nunmbers of 1.3
and 1.7 are 16t presented because the very small angle-of-attack ranges
resulted in large probable errors. (See section entitled "Accuracy.™)

The effect of the perforations on AChL/Aa 1s small and is seen to

be dependent upon the Mach number region. At supersonlce Mach numbers,
the Achﬁmm values are displaced 1n a positive directlon, whereas at

subsonlc speeds the opposite result was obtained. _

Velues of ACh/Ac also were measured at & = 2°. No significant
differencée were cbtained with respect to the data at 8 = 0°.

Although no direct hinge-moment comparisons have been made with
other configurations because the author could find no appliceable compear-
ison data, 1t-should be noted that the measured hinge moments of the
present investigation were small throughout the flight (never greater
than +2.2 foot-pounds). This is indicated also by the values of Ach[Ab

and ACh/Am in figures 6 and 7. Although these values may not appear

especlally low, 1t should be remembered that they are based upon the
control moment area behind the hinge line which exaggerates their magni-
tude relative to coefficlents for-controls hinged forward of the

40 percent chord.
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Normal Force

Figure 8 presents a sample variation of normal-force coefficlent
with control deflection at various angles of attack. By use of thils
type of plot and the assumption that normal-force coefflcient varied
linearly with both angle of attack and control deflection, values
of ACy/Ax and ACy/ABg, were obtalned.

Velues of ACN/ABE_v are presented In figure 9 for o = 0. These
values represent the averege effect of both controls. Also shown are
similer values which were cobtalned by measns of & least-squares analysls.
The dlfferences in the results of the two methods are a measure of the
nonlinearities of the data (:L.e., the change of ACy/ABg, with a.) since
the least-squares date represent a mean or average slope for all angles
of attack experienced at a partlicular Mach nmmber. The trend of ACN/ABav
with Mach nurber 1s typlcal. However, the general level of the curve is
somevhat less than Indliceted by the linearized-theory values which were
obtalned from reference T for the solld control and are shown 1In figure 9.
In addition to the usual limltatlions of the linearized theory, a small
part of this difference is belleved to be due to the flexlblllty of the
controls (in twilst) and to the perforations in one control which the
theory does not conslder.

Velues of ACN/Ax are presented in flgure 10 for 5 = O. Also shown
are values of ACN/Aa. which were obtained in a least-squares type of
analysis. The shape of the falred curve 1s regular and good agreement
is obtained with the comparison values, whlch were computed from an unpub-
lished extension to the linearized theory reported in reference 9 for a

rigid wing-body comblnation and modified to include wing aercelastic
effects by a method simllar to that reported in reference 10.

Pitching Moments

Figure 11 presents the variation of ACm/Aa with Mach number.
The curve 1s typlcal with Increasing values up to transonic speeds, a
leveling off at near-sonlc speeds, and decreasing values at supersonilc
speeds.

Although values of ADm/Aba, were obtalned, they are not presented
since they represent & mixture of control pltching moments and pitch
demping moments as explained in the section entlitled “Analysis of Datae.”
However, good estimates of control piltching effectiveness at supersonic
speeds can be obtalned by assuming that the felred normal-force results
are acting at the control center of area.

el
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CONCLUSIONS

The results of a rocket-model Iinvestigation of the hinge moments
on a constant-chord, inboard, trailing-edge control with 67 percent over-
hang balance on a 52.5° swept and tapered wing between the Mach numbers
of 0.7 and 1.8 led to the following conclusions:

1. Control hinge moments were small throughout-the speed range for
all combinatlons of-angle of attack and control deflection tested.

2. The addition of a single row of-holes near the control tralling
edge resulted 1n no measuregble effects on values of hinge moments due
to control deflectlion except for angles of attack near zero at Mach
numbers greater than 1.5 where a small reduction in control restoring
moments was attributed to the perforatlions.

3. The addition of the control trailing-edge perforations resulted
only in small changes in values of hinge moments due to angle of attack.

Langley Aeronautical Iaboratory,
National Advisory Committee for Aeromeutics,

langley Field, Va., May 14, 1957.
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PHYSICAL CONSTANTS OF MODEL

Model weight, 1b + « o & &
Model pitch inertia, slug-£t2
Model c.g.

Wing area:
'I‘Ota.l, 8Q £t o ¢ o o 0 o o
mosed, BQ Tt o« ¢ o o o &
Wing M.A.C., 't o e a & o @

Leeding edge of wing M.A.C.

Wing sweepback:
Teading edge, deg « « o o ¢
Quarter-chord lime, deg .
Tralling edge, deg .+ o« o «
Aree of solld control, sq £t

Aree. of perfarsted control, sq £t

M, £H5
ml

p, f-t L L L L] * L L ] L] - L ] L] L] L] L]

Sweepback of control hinge axis, deg

s e o 8 s 9
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119.%
17.28

Statlon 58. 9

2,493
1.67L
1.056

Station 66.8

56.T
52.5
352¢5
0.1177
0.1142
0.00678
0.00653

3245
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TABLE ITI.~ TIMR HISTORIES OF ERST DATA
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TABLE IT.- TIME HISTORIES OF TEST BATA - Gontimzed
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TABLE IT.- TIME HISTORIES QF TBST DATA - Contimed
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TABIE IT.- TIME HISTORIES OF TEST DATA - Contimued
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TABLE IX.- TIME HISTORTES OF TEST DATA - Conolnded
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32.74

Angla-of-attack Indicator
r?.m diam,
= - —— T ———— ;FUDB_
7 |
7 .40
Total-pressnrs probe
Indicatpr {rotated)
plvot axis i

8ta, 0 Bta. 9.0 8ta. 105.3
(e) Plan view of test vehicle.

Figure 1.~ Model design. All dimensions are in inches unless ctherwise Indicated.
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\- (For perforated control only)

Thirty-five .126-diametar holes gpaced
.2b on canters along
control-chord line; 100° covntersink
one-third through both sidas

(b) Control wing.

Figure l.- Concluded.
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(b) Model and booster preperatory to launching.

Figure 2.- Test vehicle.
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(c) Wing with solid control.

L-86330

(d) Wing with perforated control.

Figure 2.~ Concluded.
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Figure 3.~ Variation of Reynolds mmber and dymamic pressure with Mech number.
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_ (a) M =1.61. (b) M =1.%0.
Figure 4.- Sample sections of telemeter record. Hinge-momemt “irregularities" indicated by circles. N
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/,Timer trace
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(¢) M =1.02.

Figure %.- Continued.
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(4) M = 0.71.
Figure 4.~ Concluded.
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(a) Variation of C, with 8.

"-8 (o) 2 4 5] 8
a

(b) Variation of Cp with a.

Figure 5.- Sample veriation of C, with o and & <for the solid
control at M = 1.02. Arrows Iindicate time sequence of recorded
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Ac ﬁd' L= a “{,—Theory, refs. Tond 8
—h N\ 4
i = =70
I~ ~a | T
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~02 — O Perforoted control, a=-4 —
A Solid control,a=0 1
f solid control , 1=-4
-03 ! !
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Figure 6.- Variation with Mach mmber of the change in control. hinge-moment coefficlent with
respect to control deflection. A5 indicated.
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Figure T.- Variation with Mech number of the chenge in control hinge-moment coefficlent with .

respect to angle of attack. Ac indicated.
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Figure 8.- Variastion of model normel-force coefficient with control
deflection showling lines of constant angle of attack at M = 1.02.
Arrow indicates time sequence of recorded data.
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Figure 9.~ Varlation with Mach number of the change in model normal-
force coefflcient with respect to control deflection.
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Figure 10.~ Variation wlth Mach mmber of change in model normal-force coefficiept with respect

to angle of attack.
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Flgure 11.- Effect of Mach mmber on model pitching-moment derivative.
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